The present study was carried out on soybean var. Giza 111 atthe Experimental Farm of Faculty of Agriculture, El-Minia University during the summer seasons of 2015 and 2016, to study the impact of plant spacing and weed control treatments on weed control, yield and quality of soybean. The treatments include rows and plant spacing (density) as P 1 : 60×4cm (175000 plant fed -1 ), : unweeded check and W 10 : weed free for whole seasons. This study was carried out in a strip-plot design with three replications. Results showed that increasing of soybean plant density by sowing in the narrow ridge (60 cm) and plant space (4 cm between hills) caused a significant reduction in fresh and dry weight of weeds at 60 days after planting (DAP), compared to wider plant spacing in both seasons. The narrow spacing 60×4 cm led to a reduction in dry weight of total weeds by 26.62 % and 22.90 % and increased soybean seed yield by 5.31% and 4.92% in 2015 and 2016 seasons, respectively. All weed control practices reduced the fresh and dry weight of total weeds, compared to the unweeded check in both seasons. Yield of seeds in unweeded check plots was decreased were about 43.18 and 42.69% due to about 3.5 and 3.3 ton fed -1 fresh weight of total weeds in 2015 and 2016 seasons, respectively, compared to weed free for whole season. Protein and oil% of soybean seeds were decreased by (10.56 and 10.60%) and (18.23 and 18.05%) in 1 st and 2 nd seasons, respectively due to the weed interference. The interaction effect between plant spacing, 60×4 cm (P 1 ) and weed free followed plant spacing P 1 and weed control by Stomp 50%EC + one hand hoeing (W 7 ) gave the best weed control efficiency (WCE) 78.9 and 81.0% in 2015 and 2016 seasons, respectively as well as superior in seed yield of soybean and net return.
Introduction
Soybean (Glycine max L.) is one of the most important summer leguminous crops, extensively successful in many provinces in Egypt and worldwide. Soybean is known as "Golden bean" and miracle or wonder crop of 21 th century. Chemical analysis showed that soybean seed contains almost 20% oil, 40% protein, 30% carbohydrates, 10% total sugar and 5% ash (Gulluoglu et al., 2017) . It is very rich in mineral, vitamins, riboflavin, thiamins, iron, particularly calcium, phosphorus, salts and essential fatty acids (Acikgz et al., 2009) . Therefore, Soybean is considered an excellent source of food for human and animal consumption. Soybean hasa versatile and fascinating innumerable possibilities not only in agriculture (i.e, fixes atmospheric N from 20 to 25 kg fed -1 through root nodules and adds approximately 0.7 ton fed -1 organic matter through leaf fall (Kanase et al., 2006) but also in the industry. The world harvest of soybean is more than 50% of the total world oil seed production. Soyflour is extensively used in the industry of insecticides, disinfectants, and also in enrichment of media used for testing antibiotics. Soybean reduces the risk of cancers breast and prostate possibly due to the presence of isoflavone (Cassileth and Vickers, 2003) .
In Egypt, the area of soybean in 2015 was 33896 fed, produced 46671 ton, with an average productivity of 1.377 ton fed -1 (Agriculture Statistics, 2015) .
Application of proper agronomic methods is one of the important factors for increasing the yield of soybean per unit area. This includes management of soybean plant spacing and densities, which is one of the important agronomic practices influencing crop growth and productivity (Caliskan et al., 2007; El-Far et al., 2016; Asmaa et al., 2017; Gulluoglu et al., 2017 and Matsuo et al., 2018) . Plant density plays an important role in the competitive balance between weeds and soybean. Suitable plant spacing causes development of branches and increases the node number and pod plant -1 (Saitoh, 2011; El-Far et al., 2016 and Gulluoglu et al., 2017) . Narrow row spacing is known to suppress weed growth, increased root activity and vertical distribution of light by closing crop canopy earlier than wider row spacing (Knezevic et al., 2003 and Bhagirath et al. 2014) . Plant density did not effect on seed yield or protein and oil contents, however, at low densities there was an increase in the No. of pods plant -1 (Andres et al., 2018) . Weeds pose a serious problem for crop production. Weed species include a wide range of plant types ranging from the most simple to the most complex plant forms and they vary in rooting depth, heightand spreading habits. They interfere with crop plants by competing for available light, water, space, nutrient requirements and air. Generally, an increase in 1 kg of weed growth corresponds to 1 kg reduction of crop growth as weeds remove plant nutrients more efficiently than crop plants (Jadhav, 2007) . Weeds may increase the cost of production, inhibit crop growth and reduce the quality and marketability of products. Weed infestation decreases soybean yield from 50-60% (Jadhav, 2007) and removes 21.4 kg N and 3.4 kg P ha -1 (Pandya et al., 2005) . Ariunaa et al. (2016) found that Soybean can be infested by many weed species including grassy weeds and broad leaved weeds. Lamptey et al. (2015) re-ported that the mean predominant weed floras at the experimental field were broad leaved weeds (58.62%), sedges (26.93%) and grasses (14.44%). Weed control agriculture practices include inter alia crop manipulation, rotation crop speciesand hand hoeing. However, the control of weeds using herbicides is considered to be a favorable method as it cuts the costs, time and labor. Many authors (Balyan and Malik 2003; Sylvestre et al. 2013; Singh et al. 2016 and Akter et al. 2016 ) demonstrated that the judicious use of pre-emergence and post-emergence herbicides for controlling grasses and broad leaved weeds increases crop yield, improves crop quality and reduces production cost.
The objective of study is to evaluate the impact of plant density and the integrated weed management using certain herbicides on Soybean yield and its associated weeds under the environmental conditions of Minia Governorate, Egypt.
Materials and Methods Experimental Farm:
The field experiments were conducted at the experimental farm, Faculty of Agriculture, University of Minia, Egypt, during two successive summer seasons of 2015 and 2016. The soil was salty clay loam (organic matter 2.35%, total N o.14%, available P 18 ppm and pH 7.8). The preceding winter crop was wheat in both seasons. This investigation was carried out in split-block design with three replications. The vertical plots were occupied with weed control treatments, while, the strips plots were assigned for plant spacing treatments. The plot area was 21 m 2 (4.2 m width × 5.0 m length). Plot width allowed for 7 and 6 ridges of soybean when planted in 60 and 70 cm widths, respectively.
Agricultural practices
Soybean was planted in constant spaced hills (4 and 5 cm apart) on one side of the ridge, at nearly 175.000 and 140.000 plants fed -1 for ridge 60 cm width and 150.000 and 120.000 plants fed -1 for ridge 70 cm width, respectively. Soybean used in the experiment was Giza 111, plots were sown by hand in the 14 th April in both seasons [soybean seeds were inoculated with bacteria (Bradyrhizobium japonicum) strain just before planting]. All recommended agronomic practices were adopted throughout the two seasons.
Weed control treatment (W): Ten weed control treatments were applied in the experiments as indicated in Table 1 . Hand hoeing twice at 18 and 30 DAP W 9 Weed free obtained by continuous hand weeding W 10 Control Unweeded :Allowing weeds to grow with soybean plants DOI: 10.21608/ajas.2018.8086 Morsy, A.S.M. and M. M. Tantawy, 2018 http://ajas.journals.ekb.eg/ 
Herbicides used

Data collection and measurements:
The following data were recorded during the growing seasons.
1-Weed characteristics:
Weeds survey was conducted randomly using one square meter from each plot after 60 days from planting. Weeds species accounted as plant m -2 and hand pulled then identified and classified into three categories (narrow, broad leaved and total weeds) to estimate the following data. -Weed density (No. of weeds m -2 ). -Dry weight of total weeds (g m -2 ): all weed species m -2 were air dried for 3 days then oven dried at 70°C for 24 hours then weighted to estimate dry weight of total weeds.
-Weed control efficiency (%):
weed control efficiency (WCE) was calculated according to Sawant and Jadav(1985) as follows:
-Weed index (WI): was calculated by using the following formula according to Gill and Vijaykumar, 1969. Where: X=Seed yield from maximum yield treatment. Y=Seed yield from treatment for which weed index is to be calculated. 
2-Soybean yield and its components:
Five plants from each plot were selected randomly and harvested separately. The following assessments on yield components were recorded: Plant height (cm), weight of seeds plant -1 (g), 100-seeds weight (g), number of pods plant -1 , number of seeds pod -1 and seed yield plant -1 (g plant -1 ). Seed and straw yield from each plot were estimated by harvesting, tying in bundles and sun dried. The bundles were weighted for biological yield. The weight of seeds obtained from each plot after threshing was converted into kg fed -1 .Straw yield for each plot was calculated by subtracting the seed yield from the biological yield of the respective plot.
3-Seed chemical composition:
-Oil and protein content of soybean seeds from all experimental plots were determined according to (AOAC, 1990 ).
-Oil and protein yield of seeds (kg fed -1 ): were calculated by the following formulas:
4-Economic evaluation of soybean production:
The economics of all treatments were calculated by considering the prevailing prices of inputs and produce (Table 3 ). The various formulas used were according to Heady and Dillon (1961) as follow:
The cost of cultivation was calculated by considering the prevailing market price of inputs, wages and the actual cost involved in various aspects during the investigation. 
5-Statistical analysis:
According to strip plot design, the data were statistically analyzed using MSTAT-C computer package program. Mean differences between treatments were evaluated by Least Significant Difference (LSD) test at 5% as suggested by Gomez and Gomez (1984) .
Results and Discussion 1-Weed Survey:
Table (4) demonstrates the english and scientific names and families of dominant weed species presented in field experiments in both growing seasons at Minia region. 
2-Effect of plant spacing and weed control treatments on weeds:
Table (5) shows the effect of soybean plant spacing and weed control treatments on total dry weight of weeds at 60 DAP in 2015 and 2016 seasons. Plant spacing had a significant effect on weed density and total weeds at 60 DAP in 2015 and 2016 seasons. Narrow plant spacing 60×4cm (P 4 ) reduced weed density and dry weight of total weeds by 27.50 and 26.68% in 2015 season and 26.38 and 22.91% in 2016 season compared to plant spacing 70×5cm (P 1 ), respectively. These results might be due to increase soybean plants/ unit increasing the ability of soybean plants to benefit from light, waterand nutrients, which prevents seedling growth of weeds. Similar results were recorded by EL-Gizawy et al. (2012) and Soliman et al. (2015) . It is observed from data in table 5 that weed parameters including weed density and dry weight of total narrow and broad leaved weeds at 60 DAP were highly significantly decreased by using weed control treatments compared with the unweeded control in both seasons. The best treatment was W 10 (weed free) in which all types of weeds were removed. Among other treatments Stomp EC50% + one hand hoeing (W 7 ) followed by Stomp EC50% + Select super EC 12.5 % (W 5 ) was the most effective treatment, while W 4 and W 1 were the least effective ones. Similar results were reported by Chandraker and Paikra (2015) , Soliman et al. (2015) , Manjunath and Hosmath (2016), Paudel et al. (2017) . The effect of plant spacing was significant in WCE in the second season only, while insignificant on weed index% in both seasons. P 1 gave the highest WCE value (70.7 and 71.3%) in both seasons, respectively. All weed control treatments effectively increased the WCE, whereas weed index was decreased as compared to unweeded check. Again, among all other weed control practices, weed free treatment was superior in reducing the growth parameters of weeds compared to all other treatments, which is reflected in WCE (100%) and in weed Index (0.0) at 60 DAP. It is followed by the treatment with Stomp EC 50% + hand Hoeing (W 7 ) and Stomp EC50 % + Select super EC 12.5% (W 5 Sylvestre et al. (2013) , Chandraker and Paikra (2015) , Thakare et al. (2015) , Akter et al. (2016 ), Aradhana Bal et al.(2016 , Manjunath and Hosmath (2016) , Singh et al. (2016) and Paudel et al. (2017) . 3-Effect of plant spacing and weed control treatments on soybean yield and its components: a-Plant height, weight of seeds plant -1 and 100-seeds weight: Results in Table 6 show that the plant height increased significantly from 88.03 to 95.74 cm and from 89.20 to 96.81 cm in 2015 and 2016 seasons when plant density was increased from 120.000 to 175.000 plant fed -1 respectively. This increase in plant height with closer spacing might have resulted due to competition among plants for sunlight. Similar results were observed by other researchers Akond et al. (2013) , Chaunhan and Opena (2013) , El-Far et al. (2016) , Asmaa et al. (2017) and Gulluoglu et al. (2016 and .
On the contrary, the highest values of weight of seeds plant -1 (20.37 and 20.59 g) and 100-seeds weight (19.05 and 19.20 g) were obtained from P 4 in 2015 and 2016 seasons, respectively. This is attributed to the increase in distance between ridges and hill which reduced the competition among plants and consequently gave the chance for them to grow properly, then an increase in the weight of seeds plant -1 and 100-seeds weight could be expected. These results are supported by the results of Saitoh (2011 ), Akond et al. (2013 and Gulluoglu et al. (2016 and .
As shown in Seadh and Abido (2013) , Hassan (2015) , Asmaa et al. (2017) , Gulluoglu et al. (2016 and , Andres et al. (2018) and Matsuo et al. (2018) .
Concerning the effect of weed control treatments on these characters (Table 6) Both treatments were followed by Stomp EC50% + Select-super EC12.5% (W5) and hand hoeing twice (W8) which was superior to weed control by using Fusilade super EC 12.5% (W2) that was the least effective one among treatments, followed by the unweedwed check. These results are similar to those obtained by Seadh and Abido (2013) , Akter et al. (2016) and Hosseini et al. (2016) . c-Seed, straw and biological yield.
Data in Table ( Gulluoglu et al. (2017) and Matsuo et al. (2018) .
Regarding the effect of weed control treatments on the seeds yield, straw yield and biological yield (Table 6), data reported that the three parameters have been increased by all weed control treatments. The best results were obtained by W10 followed by W7, W5, W8, W3, W4, W1, W6 and W2 treatments in both seasons.
This increase is reflected on soybean yields compared to the unweeded control (Table 7) . The highest increasing % of seed yield (106%), straw yield (50%) and biological yield (66%) resulted from W10 followed by W7, W5, W8, W3, W4, W1, W6 and W2 treatments. These results are in line with those obtained by Chandraker and Paikra (2015) , Soliman et al. (2015) , Manjunath and Hosmath (2016), Paudel et al. (2017) and Kulal et al. (2017) .
4-Effect of plant spacing and weed control treatments on quality studies: Protein content % and protein yield:
Protein % and protein yield of soybean seeds were significantly influenced due to different plant spacing (Table 8 ). The highest protein content % was obtained by using plant spacing of 70×5 cm (P 4 ) followed by 60×5 cm (P 2 ), 70×4 cm (P 3 ) and 60 ×4 cm (P 1 ) in decreasing order. P 4 gave a superiorityof protein yield when compared with other spacing in the two seasons. These re-sults could be attributed to that in wider spacing the plants were able to from more metabolites to synthesize more protein in the seeds and the activity of protein synthesis was higher than at closer spacing. Similar results were obtained by Galal (2004) , Ibrahim and Kandil (2007), Seadh and Abido (2013) and Andres et al. (2018) .
The data regarding the protein percent and protein yield in soybean seed as influenced by weed control treatments are presented in (Table 8 Shaikh et al. (2010) , Peer et al. (2013) , Singh (2015) , Soliman et al. (2015) and Rajkumari et al. (2017a) . The same data showed that all treatments increased protein yield kg fed -1 when compared with the unweeded treatment (Table 8 ). This may be probably due to the better weed control practices resulting improvement in seed yield. However, Singh et al. (2014) did not find significant variation in protein content of the seed soybean due to the weed control practices.
Oil content % and oil yield:
Data presented in (Table 8) Galal (2004) , Ibrahim and Kindil (2007) , Gulluoglu et al. (2016) and Andres et al.(2018) . On the other hand, Gulluoglu et al. (2017) found that the oil content of soybean was insignificant in plant spacing in two seasons.
All the weed control practices gave significantly higher oil content and oil yield compared to the unweeded treatment. Shaikh et al. (2010) , Peer et al. (2013) , Singh (2015) , Soliman et al. (2015) and Rajkumari et al. (2017a) . 
5-Effect of interaction:
Data in Table 9 presents the interaction effect between plant spacing and weed control treatments. It was a significant effect on weed density, total dry weeds and weed control efficiency (WCE) at 60 DAP in both seasons. All weed control treatments caused significant reductions in No. of weeds, compared to the unweeded check. The greatest reduction in weed density and dry weight of total weeds was produced from plant spacing P 1 and weed control treatment W 7 followed by P 3 with W 7 as compared to the low plant density P 4 with W 7 in both seasons. This may be due to increasing competition ability of soybean in utilization nutrients, water and sunlight due to increasing soybean plants units -1 and decreased weed plants. Weed free plots (W 10 ) in all plant space treatments recorded the greatest WCE followed by P 1 ×W 7 . DOI: 10.21608/ajas.2018.8086 Morsy, A.S.M. and M. M. Tantawy, 2018 http://ajas.journals.ekb.eg/ Figures (1&2) illustrate that the interaction between plant spacing and weed control treatments have a significant effect on weight of seeds plant-1, weight of pods plant -1 , straw yield and biological yield in both seasons. The combination of the low plant density (P 4 =120.000 plant fed -1 ) and weed free treatment (W 10 figures 3&4) . The second best interaction treatment was P 1 ×W 7 , followed by P 3 ×W 10 in both seasons, while planting 120.000 plant fed -1 with unweeded control treatment gave the lowest straw and biological yields in two seasons. These results are coincidence with those obtained by Asmaa et al. (2017) . 
6-Economic of soybean crop:
Data in Table 10 show that the total cost (L.E fed -1 ), which includes land preparation, sowing, fertilization, irrigation, insect control, harvesting and rental cost of land fed Thakare et al. (2015) and Rajkumari et al. (2017b) . DOI: 10.21608/ajas.2018.8086 Morsy, A.S.M. and M. M. Tantawy, 2018 http://ajas.journals.ekb.eg/ 
